have demonstrated, in fibers internally equilibrated with 70 mM Cl, bathed in TEA-Cl (145mM), and voltage-clamped at À20mV, that the majority of the Cl currents (ICl;~1mA/cm 2 ) are contributed by 9-ACA-sensitive chloride (ClC-1) channels expressed in the transverse tubular system (TTS) membranes. Likewise, in fibers internally equilibrated with 150mM K, bathed with 150mM KMeSO 4 , and clamped at 0mV, the majority of the K-currents arise from inward rectifier K (K IR ;~1mA/cm 2 ) channels in the TTS. Here we address the question: what are the relative contributions of gCl and gK IR to R m in intact fibers bathed in Tyrode (4mM K and 155mM Cl; RP~-90mV)? Short fibers isolated from flexor digitorum brevis (FDB) muscles were impaled with 2 microelectrodes and stimulated with step current pulses (DI<30nA; 400ms) eliciting small voltage responses (DV<15mV). R m and C m were calculated by fitting DV traces to the solution of equations for a short cylindrical cable (Hodgkin & Nakajima, JPhysiol. 221:105-120.1972 Atrial-specific Na þ -Ca 2þ exchanger (NCX1) KO mice have no P waves on their surface electrocardiograms; instead they rely upon a junctional escape rhythm. This suggests that the sinoatrial node (SAN) requires the ''calcium clock'' mechanism for normal pacemaker activity. To test this hypothesis, we examined Ca 2þ handling in intact preparations of SAN and atrioventricular node (AVN) tissue, as well as in isolated SAN cells. Compared to WT, Ca 2þ transients indicative of depolarization were slow and irregular in NCX1 KO SAN tissue. b-adrenergic stimulation with isoproterenol (ISO, 100nM) increased the rate and often promoted bursts of Ca 2þ transients, while the pacing remained irregular. Surprisingly, we found no evidence of spontaneous activity in AVN tissue isolated from the NCX1 KO. However, 50% of NCX1 KO AVNs recovered spontaneous transients in ISO. These findings suggest that despite the lack of NCX1, abnormal pacemaker activity is maintained in the SAN and is still responsive to b-adrenergic stimulation. To study the underlying pacing mechanism in the KO, we enzymatically isolated SAN cells from WT and NCX1 KO mice. NCX1 KO SAN cells werẽ 30% longer than WT and occasionally exhibited regular Ca 2þ transients (~15% of cells). However, periodic Ca 2þ waves were often observed in NCX1 KO cells (but rarely in WT). These waves occurred at about the same rate as the spontaneous transients in WT cells. ISO (10nM) increased the frequency of waves by~80% in KO cells, similar to the increase in the rate of Ca 2þ transients in WT cells. In summary, periodic Ca 2þ waves persist in NCX1 KO SAN cells. However, only a minority of these cells generate Ca 2þ transients consistent with action potentials. Therefore, the pacing clock can ''tick'' in the absence of NCX, but seems no longer coupled to membrane depolarization.
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2D Current Density in Sinoatrial Myocytes from Aged Mice Eric D. Larson, Whitney A. Sumner, Roger A. Bannister, Cathy Proenza. University of Colorado, Aurora, CO, USA. Cardiac pacemaking results from the generation of spontaneous action potentials (APs) by specialized myocytes in the sinoatrial node (sinoatrial myocytes, SAMs). These APs are produced by the coordinated activity of a number of different ion channels, including hyperpolarization-activated cyclic nucleotidesensitive (HCN) channels and voltage-gated Ca 2þ channels. Across all mammalian species, the maximum heart rate that can be elicited by stress or exercise decreases with age. However, little is known about age-related changes in the intrinsic excitability of SAMs. In this study, we examined differences in heart rate in young (<3 mo) versus old (>32 mo) mice, and the corresponding differences in spontaneous AP firing rate and ionic currents in isolated SAMs from young versus old animals. ECG measurements in vivo confirmed previous observations of age-related reductions in maximum heart rate and intrinsic heart rate (i.e., in the absence of autonomic input). Current clamp recordings from acutely isolated SAMs revealed age-related deficits in spontaneous AP firing rate that mirrored the age-related changes in heart rate; the basal AP firing rate was significantly slower in SAMs from elderly animals, and maximal stimulation with 1 mM isoproterenol (Iso, a b adrenergic agonist) resulted in a slower average maximum firing rate in SAMs from old mice. To explore the mechanistic bases of these age-related deficiencies in sinoatrial AP generation, we have recently begun voltage-clamp recordings of hyperpolarization-activated currents and voltage-gated calcium currents from isolated SAMs from young and old mice. To date, we have found significant reductions in Ca 2þ current density in cells from older animals. These studies may provide mechanistic information about fundamental processes that limit the physical capability of the elderly. Caveolae are discrete microdomains in cardiomyocytes that localize many ion channels and signaling proteins to enable compartmentalized regulation of cardiac signaling and physiology. Caveolin-3 (Cav-3) is a muscle specific scaffolding protein integral to caveolae in cardiomyocytes. Previous studies have indicated reduced Cav-3 expression and caveolae in cardiac hypertrophy and heart failure. These forms of heart disease are associated with prolonged cardiac repolarization, which puts patients at an increased risk for arrhythmias and sudden cardiac death. Furthermore, mutations in the CAV3 gene are linked to congenital Long QT syndrome (LQTS9). We hypothesize that caveolae provide integrated regulation of cardiac repolarization by controlling the density and functional properties of multiple classes of ion channels. To determine the impact of Cav-3 expression levels on cardiac repolarization we generated a cardiac-specific conditional Cav-3 knockout (Cav-3 À/À ) mouse. Western blot and transmission electron microscopy analysis demonstrated reduced expression of Cav-3 (88%) and the absence of caveolae respectively in the ventricular myocytes of Cav-3 À/À mice compared to wild type (WT) mice. The Cav-3
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À/À mice demonstrate a significant increase in the telemetry ECG QT interval. Action potentials durations (APD) measured in ventricular myocytes from Cav-3 À/À mice were significantly increased, APD50:3059 ms and APD90:87515 ms compared to littermate WT mice (APD50:952 ms; APD90:1856 ms). Furthermore, whole-cell voltage clamp experiments in isolated ventricular myocytes from the Cav-3 À/À mice demonstrated changes in a number of ionic currents including reduced peak I to (19.652.4 pA/pF compared to 1151.4 pA/pF in WT cells) and significantly delayed inactivation of I Ca,L . We conclude that loss of Cav-3 expression impacts the function of multiple types of ion channels causing delayed cardiac repolarization and so may be integrally linked to arrhythmias and sudden cardiac death.
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Atrial Specific Stretch-Dependent Sub-Cellular Ca 2D Signaling Maura Greiser, Ben Prosser, Ramzi J. Khairallah, Chris W. Ward, J.W. Lederer. University of Maryland, Baltimore, MD, USA. Atrial myocytes undergo stretch during diastole as do ventricular myocytes. We have recently identified a novel mechanism that links cellular stretch in ventricular myocytes to the tuning of Ca 2þ release from the sarcoplasmic reticulum (SR) (Prosser et al. Science 2011; 333:1440-5) . This mechanism, ''X-ROS signaling'', depends on NOX2 (NADPH oxidase) in the sarcolemmal and transverse tubule (TT) membranes to generate reactive oxygen species (ROS), which appears to oxidize the nearby (nanometers) ryanodine receptors (SR Ca 2þ release channels) and increases their sensitivity to [Ca 2þ ]i . Stretch mediates X-ROS signaling through microtubules, which appear to interact with NOX2 to enable it to generate ROS. We evaluated the effect of acute and repeated stretch on sub-cellular Ca 2þ sparks in murine atrial myocytes (C57/B6; Figure  1A ). Ca 2þ sparks were recorded before and after stretch (8% of cell length). Ca 2þ spark frequency increased during Monday, February 4, 2013 209a 
